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(57) Abstract: A closure (1) for a container, which has a self-closing valve (3) having a cup-shaped valve head (32) with a dispensing 
aperture (6) defined therein. In response to increased pressure in the container, the head (32) of the self-closing valve (3) is designed 
to flatten and partially invert, thereby opening the dispensing aperture (6). The closure (1) includes an energising ring (5) arranged 
surrounding the valve head (32) and adapted to restrict the radial expansion thereof. The position and design of the energising ring 
(5) relative to the valve head (32) may be adjusted to affect the performance of the valve allowing a single valve design to be used 
for a number of different applications. Alternatively the energising ring (5) may be used to improve the performance of a particular 
design of valve. 
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ENERGISING RING FOR A CLOSURE MEMBRANE 

The present invention relates to dispensing closures 
for packaging containers and in particular to closures 
which include a self-closing valve. The invention 
proposes a means for controlling the opening and closing 
5 characteristics of the valve, independently of the design 
of the self-closing valve itself. 

A dispensing closure having a self-closing valve is 
disclosed in our PCT patent publication No. W099/10247 
(Agents Ref : 4981 WO) . The self-closing valves described 

10 in this document have a valve head attached by a flexible 
connecting wall to a mounting ring. The valve is mounted 
in the dispensing closure by engagement of the mounting 
ring in a valve seat. The valve head is essentially cup- 
shaped, having an upstanding peripheral rim surrounding a 

15 concave central region. A dispensing aperture is defined 
by crossed slits in this central region. The slits are 
cut or moulded in the material of the head. The crossed 
slits define resilient tongues which are capable of 
sealing with one another along the slit edge when the 

20 valve is in its "at rest" position. 

Increased product pressure in the container (caused 
by a user squeezing the container, for example) , causes 
the valve head to deform outwardly (away from the 
interior of. the container) and partially invert, causing 

25 the slits to gape open to allow product to be dispensed 
from the container. On release of the product pressure, 
the valve head reverts back to its concave, essentially 
cup-shaped configuration and the resilient tongues reseal 
along the slit edge, allowing air to vent into the 

30 container where necessary. 
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In order to meet the various requirements imposed on 
them, self-closing valves have conventionally been made 
from a material having advanced physical properties, in 
particular flexibility and resilience. Liquid silicon has 
5 been particularly preferred for this purpose although 
thermoplastic elastomers have also been considered. It 
has been necessary to optimise the design of the self- 
closing valve (particularly the shape and configuration 
of the valve head and the connecting wall) to ensure 
10 satisfactory opening and self -closing characteristics. 
Thus, generally the performance of the valve has had to 
be controlled by the material selection and design of the 
valve. 

EP 0 545 678 describes a self-closing valve having a 

15 cup- shaped valve head and a mounting ring, joined by a 
flexible connecting wall, which takes the form of a 
rolling diaphragm. This document discusses the design 
considerations that need to be addressed to produce a 
. satisfactory self-closing valve. In particular, the need 

20 to obtain a sharp "flip" of the valve between its closed, 
concave configuration and its open, partially inverted 
configuration. This "flip" ensures that the valve snaps 
open and closed rather than having a smooth transition 
between the open and closed positions. 

25 EP 0 545 678 discusses the importance of valve 

geometry and material selection when trying to obtain a 
satisfactory "flip" or snap action, m particular, this 
document describes how the geometry of the valve 
disclosed, provides torque assist to the "flip" action of 

30 the valve head. The design of the valve head, connector 
sleeve and connection between the two is designed to 
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increase the outwardly directed torque applied to the 
valve head to "flip" it between its fully closed and 
fully open positions. 

However, the silicon based material, conventionally 
5 used to produce such self-closing valves, is expensive 
and therefore, different valve designs and materials have 
been tried in order to minimise the amount of material 
used or to produce a valve from a cheaper materials, 
often with less advanced physical properties- Such 

10 designs and materials may produce a functional but less 
desirable valve. Unfortunately, the "flip" action of the 
valve head is often compromised in such designs. 

Therefore, it is an aim of the present invention 
to control or enhance the performance of a self-closing 

15 valve independently of the design of the valve itself. In 
particular, it is an aim of the present invention to 
affect or improve the performance of the valve by 
interaction between the valve housing and the valve. 
Thus, the performance of a low cost valve, using less 

20 material for example, can be improved by modification of 
the valve housing. The housing is usually injection ' 
moulded from a thermoplastic material and is therefore 
relatively straightforward to modify. 

Accordingly, the present invention provides a 

25 closure for a packaging container, which has a self- 
closing valve having a flexible, essentially cup-shaped 
valve head with a dispensing aperture defined therein, 
the valve head adapted to flatten and partially invert in 
response to increased product pressure in the container, 

30 to open the dispensing aperture, characterised in that 
the closure has an energising ring arranged surrounding 



10/30/2004, EAST Version: 1.4.1 



WO 02/08080 



PCT/EP01/08338 



4 

the valve head and adapted to restrict the radial 
expansion thereof, which normally accompanies the 
flattening and partial inversion of the valve head. 

The inventors have discovered that the "flip" of the 
5 valve head, can be affected by supporting the periphery 
of the valve head or a portion of the flexible connecting 
wall, as the valve head partially inverts. Thus, the 
"flip" of the valve head can be controlled by 
constraining the radial expansion of the valve head as 

10 the dispensing aperture opens. This can most easily be 

achieved by providing an energising ring surrounding the 
valve head, which either acts directly on the valve head 
or on the connecting wall between the valve head and the 
mounting ring, such that it restricts the radial 

15 expansion of the valve head as it partially inverts, 

producing a more definite "flip" as discussed above. The 
contact between the valve head or connecting wall and the 
energising ring also acts to energise the head as the 
dispensing aperture opens, generating a spring bias to 

20 return the valve head to its concave position, thereby 
snapping the dispensing aperture to its closed position, 
once the internal pressure of the product in the 
container is released. This ensures that the self-closing 
valve has the positive shut off preferred by consumers . 

25 An advantage of the energising ring is that it can 

be moulded as part of the closure or valve housing and 
can be easily modified independently of the self-closing 
valve. This allows the valve performance to be optimised 
by adjusting the design and position of the energising 

30 ring rather than modifying the design of the self-closing 
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valve. Thus, the cost of developing and optimising the 
design of the closure is greatly reduced. 

Another advantage of the invention is that it allows 
a single design of self-closing valve to be used for a 
5 number of different applications having different 

requirements for valve performance. The valve performance 
for each application can be optimised by varying the 
position and design of the energising ring. For example: 
The degree of radial compression applied to the valve 

10 head by the energising ring effects the threshold 

pressure at which the valve will open. The axial position 
of the energising ring with respect to the valve head 
affects the amount of torque assist provided to partially 
invert the valve head. Finally, the combination of radial 

15 compression and axial' position of the energising ring 

with respect to the valve head varies the "flip" action 
of the valve head. Thus, the energising ring may be used 
to bias the valve head, to control the threshold pressure 
at which the dispensing aperture opens, the pressure at 

20 which the valve self -closes and thereby control the dose 
of product dispensed from the container. 

Alternatively, instead of applying radial 
compression to the valve head, the energising ring may be 
spaced from the valve head or connecting wall by a 

25 clearance distance, which is limited by the need to 

ensure that the valve makes contact with the energising 
ring before the dispensing aperture snaps open. This 
arrangement ensures that the axial movement of the valve 
head is unhindered but the contact between the valve and 

30 the energising ring as the valve head expands radially, 
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provides torque assist to partially invert the valve head 
at the end of its axial movement. 

Preferably, the energising ring is provided as an 
integral part of the closure body. In many closure 
5 designs, such as those described in WO99/10247, the 

mounting ring of the self-closing valve is received in a 
valve seat defined in the valve housing and the valve is 
retained therein by a retaining ring or clip. In this 
arrangement, the retaining ring is preferably adapted to 

10 define the energising ring. Advantageously, the 

energising ring may be provided as a separate component, 
which engages in a recess in the valve housing. This 
arrangement has the advantage that the same design of 
closure and self-closing valve may be used for a number 

15 of different applications, with only the design of the 
energising ring having to be adapted for each 
application. 

The invention will now be described, by way of 
example only, with reference to the accompanying 

20 drawings, in which: 

FIGURE 1 shows a section through the middle of a 
first self-closing valve retained in a valve seat by a 
retaining clip, which defines an energising ring. The 
self-closing valve is shown in its "at rest" or closed 

25 position. 

FIGURES 2A to 2C show cross sectional views through 
the valve of Fig. 1 when it is in its "at rest" or closed 
position, activated position and open position 
respectively. 

30 FIGURES 3A and 3B show cross sectional views through 

a second self-closing valve in its "at rest" or closed 
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position and in its open position respectively. The valve 
is retained in a housing, which is adapted to define an 
energising ring. 

Wherever possible, like components have been given 
5 the same reference numerals in the figures. 

Referring to Fig.l, a dispensing closure 1 according 
to the invention comprises a closure body 2, which 
defines a valve seat 21 and has a sealing lip 22 for 
sealing against the mouth of a container (not shown) . The 
10 closure further comprises a self-closing valve 3 

comprising a moun ting ring 31 connected to a valve head 
32 via a flexible cogp^h-ing wall_33. The point of 
connection between the valve head 32 and the flexible 
connecting wall 33, acts as a hinge 35 about which the 
15 valve head pivots as it "flips" to its partially inverted 
configuration. The valve head 32 is generally cup shaped, 
having an upstand ing peripheral rlm j^ surrounding a 
concave central region (not referenced for reasons of 
clarity) . A dispensing aperture 6 is provided by crossed 
20 slits 61, which define resilient tongues 62 which seal 



position. 

The self-closing valve 3 is mounted in the valve 
seat 21 defined in the closure body, the mounting ring 31 

25 and valve seat 21 being shaped such the mounting ring 31 
sits neatly in the valve seat 21. The mounting ring 31 is 
held in position in the valve seat 21 by means of a 
retaining clip 4. The retaining clip 4 and closure body 2 
have mutually engaging snap beads 45, 25 arranged to hold 

30 the retaining clip 4 and body 2 together, with the valve 
mounting ring 31 constrained between opposing surfaces of 



along the slits 61 when the va 1 v e^B^in^^rtg^ a t rest" 




10/30/2004, EAST Version: 1.4.1 



WO 02/08080 



PCT/EP01/08338 



8 

the retaining clip 4 and the valve seat 21. A portion of 
the retaining clip 4 is adapted to form an energising 
ring 5 which takes the form of an annulus, surrounding 
the valve head 32. The energising ring 5 is arranged to 
5 make contact with the valve connecting wall 33, below the 
hinge 35, when the valve 3 is in its "at rest" or closed 
position. 

Figures 2A to 2C show the valve at various stages 
during its opening movement. Figure 2A corresponds to 

10 figure 1 and shows the valve in its "at rest" or closed 
position. When the internal pressure in the container 
increases (by a user squeezing the container, for 
example) the valve 3 begins to move axially by extension 
of the connecting wall 33 but is restricted somewhat by 

15 the frictional contact between the energising ring 5 and 
the connecting wall 33. As shown in figure 2B, the valve 
3 also tries to expand radially outwards but is again 
restricted by the energising ring 5, producing a bow in 
the connecting wall 33. The stresses in the connecting 

2 0 wall 33, caused by it pressing against the energising 

ring 5, provides torque assist to "flip" the valve head 
32 from its generally concave, closed configuration to 
its partially inverted, open configuration, as shown in 
Figure 2C. 

25 Referring to Figure 2C, the pressure of the 

energising ring 5 against the connecting wall 33 also 
energises the connecting wall 33, so that when the 
internal pressure in the container is relieved, the valve 
head 32 snaps back to its concave position, sealing the 

30 dispensing aperture 6 closed and providing a positive cut 
off to the product being dispensed. 
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Figures 3A and 3B show an alternative dispensing 
closure 1 having a self-closing valve 3, which is 
retained in the closure body 2 by means of an upturned 
flange 26 on the closure body, which forces the mounting 
5 ring 31 of the valve against a sealing surface 21 on the 
closure body 2. Again, the self-closing valve 3 comprises 
a generally concave, cup-shaped valve head 32, connected 
to a, mounting ring 31 by a flexible connecting wall 33. 
The valve head 32 is connected to the flexible connecting 

10 wall 33 via a hinge portion 35. However, in this valve 

arrangement, the flexible connecting wall 33 is designed 
for minimum axial movement. The valve head 32 moves 
axially by a small amount by stretching of the connecting 
wall 33 but there is no folded structure, which unfolds 

15 to allow significant axial movement. 

In this arrangement, the energising ring 5 is 
defined by a portion of the closure body 2. Referring to 
figure 3 A, the energising ring 5 may be arranged so that 
it does not contact the connecting wall 33, when the 

20 valve 3 is in its "at rest" position. Rather, the 

energising ring 5 is spaced from the connecting wall 33 
by a clearance distance 51, which is selected such that 
the energising ring 5 does not restrict axial movement of 
the valve head 32 but does make contact with the 

25 connecting wall 33 as the valve head 32 and connecting 
wall 33 expand radially outwards, restricting the 
movement thereof and providing the torque assist to 
"flip" the valve head to its partially inverted, open 
position, as previously described. It will be appreciated 

30 that a clearance gap may also be provided in the 
arrangement shown in Figs. 1 and 2. Equally, the 
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energising ring 5 shown in Fig. 3A may be arranged to 
contact the connecting wall 33, below the hinge portion 
35 in the same way as described in relation to figures 1 
and 2 . 

5 As the internal pressure in the container increases, 

the valve head 32 rises axially and expands radially, 
until it makes contact with the energising ring 5, which 
supports the valve head 32 and restricts any further 
radial expansion. Stresses build up in the connecting 

10 wall 33 as it is forced against the energising ring 5. 
These stresses provide the torque assist required to 
"flip" the valve head 32 to its partially inverted 
configuration, thereby opening the dispensing aperture 6 
(as shown in figure 3B) . The stresses built up in the 

15 connecting wall 33, also energise the valve 3 and provide 
a spring bias to snap the valve head 32 back to its 
concave, closed position, once the internal pressure in 
the container is relieved. 

It will be readily apparent to those skilled in the 

2 0 art that the position and engagement of the energising 
ring relative the self-closing valve may be varied to 
produce different opening/closing characteristics for the 
valve. Furthermore, the energising ring may be applied to 
many other self-closing valve configurations than those 

25 shown in figures 1, 2 and 3. 



10/30/2004, EAST Version: 1.4.1 



WO 02/08080 



PCT/EP01/08338 



11 

CLAIMS 

1. A closure (1) for a packaging container, which has a 
self-closing valve (3) having a flexible, essentially 
cup-shaped valve head (32) with a dispensing aperture 
(6) defined therein, the valve head (32) adapted to 
flatten and partially invert in response to increased 
product pressure in the container, to open the 
dispensing aperture (6) , 

characterised in that 

the closure (1) has an energising ring (5) arranged 
surrounding the valve head (32) and adapted to 
restrict the radial expansion thereof, which normally 
accompanies the flattening and partial inversion of 
the valve head. 

2. A closure according to claim 1, wherein the self- 
closing valve (3) coinprises a valve head (32) joined 
to a mounting ring (31) by a connecting wall (33) and 
the energising ring (5) is adapted to engage the 
connecting wall (33) to restrict the radial expansion 
of the valve head (32) . 

3 . A closure according to claim 1 or claim 2 , wherein 
the energising ring (5) comprises a complete annulus. 

4 . A closure according to claim 1 or claim 2 , wherein 
the energising ring (5) comprises a segmented 
annulus . 

5. A closure according to any one of the preceding 
claims, wherein the energising ring (5) is arranged 
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to contact the self-closing valve (3) when it is in 
its "at rest" position. 

6. A closure according to any one of claims 1 to 5 f 
wherein the energising ring (5) is spaced from the 
self-closing valve by a clearance distance (51) , the 
clearance distance (51) limited to ensure contact 
between the self-closing valve (3) and the energising 
ring (5) when the valve head (32) flattens and 
partially inverts. 

7 . A closure according to any one of the preceding 
claims, wherein the closure has a body (2) , which is 
adapted to define the energising ring (5) . 

8. A closure according to any one of claims 1 to 6, 
wherein the self-closing valve (3) is retained in the 
closure (1) by a retaining clip (4) and the retaining 
clip (4) is adapted to define the energising ring 

(5) . 

9. A closure according to any one of claims 1 to 6, 
wherein .the closure (1) ' has a recess defined therein 
and the energising ring (5) is provided as a separate 
component, which is adapted to be held in the recess 
in the closure (1) . 
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